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SPECIFICATION 

1. Title of the Invention 

HIGH-SPEED WRITING SYSTEM FOR MEMORY DEVICE 

2. Claims 

A high-speed write system for a . memory device which is characterized by the fact 
that in a write system for a memory device that contains a plurality of memory cells, 
writing is performed for all memory cells with the writing time set at the minimum 
permissible value or at a value near said minimum value, after which memory cells in 
which writing has been completed and memory cells in which writing has not yet been: 
completed are detected, and the aforementioned series of operations is performed again 
only for the memory cells in which writing has not yet been completed. 

3. Detailed Description of the Invention 

The present invention relates to a high-speed writing system for a memory device, 
and more specifically relates to a high-speed writing system for a memory device which is 
suitable for writing in erasable programmable read-only memories (referred to below as 
"EPROMs"), in which data can be erased by means of irradiation with ultraviolet light, 
etc. 

In recent years, as the capacity of EPROMs has increased, an increase in data 
writing time has become a problem. In conventional EPROM writing methods, a system 
in which a pulse with a width of 50 ms is applied for each byte is standard. In the case of 
such methods, a writing time of approximately 7 minutes is required for the writing of a 
64K EPROM (50 ms x 8 kbytes). Furthermore, in the case of a 128K EPROM, a time of 
more than 14 minutes (50 ms x 16 kbytes) is actually required. Here, since the erase time 
is approximately 15 to 20 minutes in the case of an EPROM in which data is erased by 
means of irradiation with ultraviolet light, a time of 30 minutes or more is required if 
erasing and writing are performed together. Furthermore, if the capacity is increased, the 



2 



time required will be increased even further, so that serious problems arise in terms of 
both time and economy. 

It appears that the abovementioned writing pulse width of 50 ms per byte is 
determined from the standpoint of variation in the process and from the standpoint of 
reliability. However, it is not the case that all bits require the same time; a certain time 
in excess of the minimum required time is sufficient. Accordingly, there are also 
methods in which the writing time is shortened simply by narrowing the writing pulse 
width. 

The present invention does not merely narrow the writing pulse width, but instead 
provides a high-speed writing method which shortens the writing time for an-EPROM, : _;• 
and which is superior in terms of efficiency and reliability. 

The present invention is a high-speed writing system in which the minimum 
writing pulse width is first set; this system is constructed from a master EPROM or a 
data memory that stores addresses and data to be written, a written EPROM into which 
writing is performed on the basis of the aforementioned master EPROM or data memory, 
a comparator circuit which compares the two memories, and which sets a flag in cases 
where there are bytes that do not agree between the respective data, a memory which 
stores only addresses consisting of bytes in which the data agrees, and a memory which 
stores only addresses consisting of bytes in which the data does not agree. Respective 
addresses that agree and that do not agree are detected by a comparison performed after 
one writing; additional writing is performed only in the case of addresses that agree, and 
rewriting is performed only in the case of addresses that do not agree. Then, only the - 
previous addresses that did not agree are compared by the comparator circuit, and 
addresses consisting of bytes that agree and addresses consisting of bytes that do not 
agree are detected, and the respective addresses are written into memory. The 
abovementioned method is repeated a maximum number of times (here designated as N 
times), and in cases where the flag of the comparator circuit is not set during this period, 
additional writing is performed only in the case of the final agreeing addresses, and 
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writing is completed. In cases where the flag is set even after n times, the written 
EPROM is-judged as having faulty writing. 

In the present invention, the minimum writing time required for respective bytes 
in byte units is sufficient, and additional writing is performed with consideration given to 
reliability. If an average pulse width of 10 ms is sufficient for a 128K EPROM, then 
writing can be completed in approximately 3 minutes even if time for comparison is 
included; Furthermore, since only necessary writing is performed in byte units, high 
reliability is achieved. Moreover, in cases where the writing is faulty, the last address 
with disagreeing bytes can be used for fault analysis. Accordingly, it may be said, that this 
system is a superior high-speed writing system. - . 

Below, the present invention will be described in detail in terms of an 
embodiment. Figure 1 is a block diagram which illustrates one embodiment of the 
present invention. Figure 2 is one example of a flow chart, which is used to illustrate 
Figure 1. First, after starting, the final address of a master address memory circuit part 
(M) storing voltage conditions, master addresses and master data is set in a register as G. 
This is included in the control circuit of Figure 1, and corresponds to the initial setting in 
Figure 2. x in Figure 2 is an address counter; this is used to detect the final address, n is 
a repetition counter; the maximum writing time is determined by this counter. Here, the 
maximum number of repetitions is designated as N. Following the initial setting in 
Figure 2, the address counter x is set at "0", and the number of repetitions is set at "1". 
Next, prior to writing, a check is generally made in order to ascertain whether or not the 
product has been erased. In cases where the product has been erased, the data is 
ordinarily "1", and is "FF" in a hexa-type when 1 byte is 8 bits. This is checked for all 
addresses, and in cases where "DATA = FF" is not found, an instruction to erase is 
issued. Specifically, if erasing from x = 0 to x = G is confirmed for all addresses, x is 
again set at "0", and writing is begun. In this writing, one-time writing is first performed 
for all addresses from x = 0 to x = G on the basis of a writing time set at the minimum 
time in the initial setting. Next,' the address counter x is again set at "0"; here, 
furthermore, the address counter y of the sub-address memory circuit (A) in Figure 1 that 
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sets addresses for which writing was completed, and the address counter z of the sub- 
address memory circuit (B) that sets addresses for which writing was incomplete, are set 
at "0", and the read-out of data is begun. In this data read-out, data is continuously read 
out from x = 0 to x = G, and~in this process, addresses in which the write data and read- 
out data agree are set in the sub-address memory circuit (A), x and y are incrementally 
increased, and the next read-out is begun. Meanwhile, addresses in which the write data 
and read-out data do not agree are set in the sub-address memory circuit (B); x and y.are 
incrementally increased, a flag is set, and the next read-out is begun. In the read-out of 
data, the data of the master data memory circuit 4 and the data of the written EPROM 9 
are compared by the comparator circuit 5. In cases where the results of this comparison 
agree, a set signal is sent to the sub-address memory circuit (A) 7; in cases where the. :V 
results do not agree, a set signal is sent to the sub-address memory circuit (B) 8 and the 
flag circuit. Here, in cases where read-out is completed for all of the addresses, only the 
sub-address circuit (A) is noted by the address switching circuit; x is set at "0", and the 
value of y at this point in time is set in G. Then, additional writing is performed only in 
the case of addresses with writing completed that are set in the sub-address memory 
circuit (A). Next, a check is made in order to ascertain whether or not the 
abovementioned flag has been set. If no flag has been set, this means that all of the 
writing has been completed. Accordingly, the processing is ended. However, in cases 
where a flag has been set, the number of times that writing has been performed is 
checked, and if this agrees with the maximum number of times of writing N, this means 
that the product has faulty writing; accordingly, the processing ends with a "faulty" 
display. Here, if n does not equal N, then only the sub-address memory circuit (B) is 
noted by the address switching circuit; x is set at "0", and the value of z at this point in 
time is set in G. In this way, rewriting is performed only for the addresses with 
incomplete writing that are set in the sub-address memory circuit (B). Then, a check is 
made by reading out the data in order to ascertain whether or not writing has been 
completed, and additional writing or rewriting is repeated. 

Thus, in the present system, in the minimum writing time, additional writing is 
performed only in the case of written addresses, and additional writing [sic; error for 



"rewriting"] is performed only in the case of unwritten addresses. Accordingly, writing 
' can be completed in the required minimum time, and a sufficient written state can be 
achieved by performing additional writing. As a result, the system is superior in terms of 
reliability; furthermore, since addresses not written in each rewriting are stored in 
memory, these addresses can also be used for fault analysis and process analysis, etc. 
Furthermore, it goes without saying that use in one-bit units is also possible in fault 
analysis. Here, furthermore, a method was described in which only address were - 
separated and stored; however, it would also be possible to use a method in which 
addresses and data are stored as integral units. Moreover, in Figures 1 and 2, an 
ultraviolet-erasable EPROM was described; however, the present invention could also be 
applied to other EPROMs such as EPROMs : which can be written and' erased ^lectncaliy^; 
etc. 

4. Brief Description of the Drawings 

Figure 1 is a block diagram which illustrates one embodiment of the present 
invention. Figure 2 is a flow chart which is used to illustrate Figure 1. 

In the figures, 1 is a control circuit, 2 is a master address memory circuit (M), 3 is 
an address switching circuit, 4 is a master data memory circuit, 5 is a comparator circuit, 
6 is a flag setting circuit, 7 is a sub-address memory circuit (A), 8 is a sub-address 
memory circuit (B), x, y and z are address counters, G is the final address location, n is 
the number of repetitions, N is the maximum number of repetitions, M is a master 
address, and A and B are sub-addresses. 

Agent: Susumu Uchihara, Patent Attorney 
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Figure 1 

[Key: 1: Control circuit; 2: Master address memory circuit; 3: Address switching circuit; 
4: Master data memory circuit; 5: Comparator circuit; 6: Flag; 7: Sub-address memory 
circuit (A); 8: Sub-address memory circuit (B).] 
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Figure 2 




[Key: A: Initial setting; B: G: Final address; N: Maximum number of repetitions; C: 
Erase; D: Data writing; E: Data read-out; F: Flag set; G: Data writing; H: Flag set; I Fault 
display.] 
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